First conceptualized in the 1970s, resilience has become a popular term in the ecological literature, used in the title, abstract, or keywords of approximately 1% of papers identified by ISI Web of Science in the field of environmental sciences and ecology in 2011. However, many papers make only passing reference to the term and do not explain what resilience means in the context of their study system, despite there being a number of possible definitions. In an attempt to determine how resilience is being used in ecological studies, we surveyed 234 papers published between 2004 and 2011 that were identified under the topic "resilience" by ISI Web of Science. Of these, 38% used the word resilience fewer than three times (often in the abstract or keyword list), 66% did not define the term, and 71% did not provide a citation to the resilience literature. Studies that defined resilience most often discussed it as pertaining to an entire ecosystem under continuous rather than discrete disturbance. Given the complex nature of this concept, we believe that care should be taken to properly describe what is meant by the term resilience in ecological studies.
Introduction
Many ecological terms, such as succession, community, disturbance, competition, and resilience, have arisen from vernacular origins . While the meanings of most of these terms have become more consistently defined over time, many definitions of resilience persist (Cumming et al. 2005 , Botton et al. 2006 . In their 1997 literature review, Grimm and Wissel found 17 different definitions of the term resilience. As graduate students in an Advanced Ecology course at the University of Alberta, we were struck by the continued lack of consensus in definitions of resilience (Table 1) , despite a growing popularity for the term in the ecological literature ( Figure 1 ). In this study, we assess the current use of resilience in the ecological literature and question how the term can be better employed. We posed the following questions:
1. What types of studies refer to resilience? Is there a pattern of its use in the ecological literature? 2. How frequently do studies use resilience or provide a definition for the term? What are the most commonly used definitions? Though we are not the first to discuss these issues, we hope that by posing these questions, we will promote a better understanding of the current uses, and greater precision in the use of resilience in the field of ecology. Resilience (the capacity of a system to absorb disturbance and reorganize while undergoing change so as to still retain essentially the same function, structure, identity, and feedbacks). Resilience has four components-latitude, resistance, precariousness, and panarchy-most readily portrayed using the metaphor of a stability landscape.
269 Walker et al. 2004 4. Carpenter The rate at which a system returns to equilibrium after disturbance. 90 Carpenter et al. 1992 The magnitude of disturbance that can be tolerated before a socio-ecological system moves to a difference region of a state space controlled by a different set of processes, including the degree to which the system is capable of selforganization, and how much it expresses a capacity for learning and adaptation. 5. Pimm How fast a variable that has been displaced from equilibrium returns to it. Resilience could be estimated by a return time: the amount of time taken for the displacement to decay to some specified fraction of its initial value.
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Methods
We conducted searches of Web of Science (ISI Web of Knowledge, Thompson Corporation) for the terms TS(topic)='resilience' and 'ecology', published from 2004 to 2011. We excluded all papers from nonecological journals (e.g., Computational Biology and Chemistry, Environmental Geology, Environment and Development Economics, and Journal of Archaeological Science), and ended with 234 relevant studies. We classified each article as to type (review, mensurative experiment, manipulative experiment, modelling study, meta-analysis), sub-discipline (basic, applied, social, theoretical), study ecosystem (terrestrial, marine, freshwater, urban, wetland, soil), study organism (animal, plant, coral, microbe, fungi), and disturbance (press or pulse). We also classified the definition of resilience, when one was provided, as either quantitative or qualitative based on whether the explanatory term used in the definition was quantifiable. For example, if an author defined resilience using the term 'ability' or 'capacity', we classified it as a qualitative definition; if the term 'rate', 'speed', or 'magnitude' was used, we considered it to be quantitative. We quantified the number of times that the ecological term resilience was used by categorizing the number of uses in the component sections of the paper (title, abstract, keywords and body). We did not include non-ecological uses of the term.
Results
What types of studies refer to resilience? Is there a pattern of its use in the ecological literature?
We found no particular pattern in the use of resilience in the ecological literature. Our survey contained a broad range of articles ( Figure 2A ) from basic, applied, social and theoretical disciplines ( Figure 2B ) and covering terrestrial, freshwater and marine ecosystems ( Figure  2C ). The disturbances under investigation varied from press (continual) disturbances, such as climate change, to pulse (discrete) disturbances, such as nutrient additions or forest fires ( Figure 2E ).
How frequently do studies define the term and what are the most commonly used definitions?
In our literature review, 38% of studies used the word resilience fewer than three times (often in the abstract or keyword list). Of the broad range of papers sampled, 66% did not define and 71% did not cite a definition for resilience ( Figure 2F ). When definitions were given, approximately two thirds of the time they were qualitative versus quantitative, using terms like "ability" or "capacity", rather than "rate" or "amount" (Figure 3 ). Seventeen different explanatory words were used in resilience definitions ( Figure 2H ) including ability, amount, capacity, characteristic, degree, distance, magnitude, persistence, potential, property, rate, recovery, return-time, shift, size, speed and time. Of those that provided a reference, Holling's (1973) paper was cited most frequently ( Figure 3 ). For papers that cited Holling, eight different explanatory words, qualitative and quantitative, were used in the definitions provided for resilience ( Figure 3 ). For papers that described a disturbance, 44% referred to press (ongoing) rather than pulse or multiple disturbances ( Figure 3 ).
Discussion
Over one third of papers surveyed used the term resilience fewer than three times, and nearly two thirds did not provide a definition of or a citation for the term. If this term was consistently defined in the ecological literature these numbers would not necessarily be concerning; however, we found many different resilience definitions ( Figure 3 ). Because resilience could be used as a passing reference in studies that are investigating other subjects, we assessed the number of times resilience was used in papers that provided an ecological definition or citation for the term (Figure 4 ). We found that 13% of papers provided a definition or citation and used resilience fewer than three times in the body text while referring to the term in the title, abstract or keywords. The high frequency of this sort of usage ( Figure 4) indicates that many authors perceived this ecological term to be of importance to their study; however, they are not explaining the relevance of the term to their work in detail.
We found a variety of definitions of the term resilience in our literature survey (Table 1, many definitions and citations found in our literature survey. For the most common quantitative definitions, we found a variety of citations given. In 7% of studies, resilience was defined as "the time, rate or speed for a system to recover from a given disturbance" (attributed citations: Holling 1973 , Webster et al. 1975 , Ewel 1980 , Pimm 1984 , Westman 1985 , Holling 1996 , Grimm and Wissel 1997 , Peterson et al. 1998 , Gunderson 2000 , Carpenter et al. 2001 , Gunderson and Holling, 2001 , Hughes et al. 2003 , and Suding et al. 2004 . In 4% of studies, resilience was defined as "the magnitude, amount or degree of disturbance from which a system is able to recover to the original state" (attributed citations : Holling 1973 , Walker 1981 , Pimm 1984 , Gunderson 2000 , Nyström et al. 2000 , Carpenter et al. 2001 , Gunderson and Holling 2001 , Walker et al. 2002 , Gunderson 2002 , and Folke et al. 2004 ). However, neither of these definitions is suitable for quantifying responses to ongoing (press) disturbances, such as climate change (Glasby and Underwood 1996) , as were under investigation in 31% of the studies in our literature review. In fact, 21% of studies that used any of the above definitions were investigating press disturbances, indicating that in many studies there is a discrepancy between the definition given and the potential real-word application.
Often missing from the papers that we surveyed is reference to the comparative nature of the term. If a coral reef, salmon fishery or elephant population was described as having "low resilience", for example, we were left wondering whether the low resilience is relative to historic conditions, other similar study systems, or indeed other ecological systems altogether. In recent studies of resilience, different metrics have been used, ranging from the composition of a particular taxonomic group (Kennedy et al. 2003 , Vinebrooke et al. 2003 , Knapp et al. 2005 , Watanabe et al. 2005 , Wertz et al. 2007 , Mitchell et al. 2009 ) or traits of a particular species (Isaac et al. 2009) . The total number of uses of the word resilience (grey) and the number of uses in the title, abstract or keywords (black) for papers that provided a definition or citation for resilience (n = 96). If a definition or citation is provided in the body of the paper, the use of resilience is most likely deemed by the author to be relevant to the study. If resilience is used in the title, abstract or keywords, and then not used more than a couple of times in the body of the paper (A), the term is potentially being used as a hook to attract a wider audience rather than being a key theme (B). Price et al. 2007 , Isaac et al. 2009 , Shinoda et al. 2010 ). These indices most often focus on the resilience of one ecosystem parameter or are specific to the study system, and none have been widely adopted in the ecological literature. Though such comparisons are currently rare, there may be ways to make quantitative comparisons of resilience among studies, taxa, disturbances or ecosystems.
In order to improve the understanding of resilience in the ecological literature, we believe that authors should refrain from using the term without definition, quantification or explanation, as is the case for approximately two thirds of the studies we reviewed. Given that multiple definitions of the term persist in the literature, authors should define how they are using the term and how it refers specifically to their study system. Although use of a theoretical term may hook a wider audience, if it is used vaguely or imprecisely, this limits interpretation of the study and the potential for crossstudy comparisons. We believe that further progress in the application of resilience will only be made if the concept is systematically tested in experimental settings using real-world data. Greater precision in the use and quantification of resilience will promote the application of this concept beyond the ecological literature to the management and conservation of ecosystems. 
Response to Referees
Our literature survey on the term resilience developed out of discussions in a graduate-level ecology class. As early career scientists trying to build an understanding of the ecological concept of resilience, we found wading into the literature to be a daunting task. Our literature searches were sidetracked by the multiple definitions of the term in the literature, and by papers that used the term resilience in their title, abstract or keywords without further detailed discussion of the concept. This led us to question how resilience is used in the ecological literature, and then how this use might be improved. Our review also re-stimulates discussion on the challenging tasks of quantifying, comparing, and testing resilience theory in real-world systems. We are grateful to the thoughtful comments and responses to our paper from our reviewers. We hope that the dialogue will continue and lead to the adoption of better practices regarding the use and application of resilience. We found compelling evidence (Table R1 ) that confusion surrounding the use of the term resilience in the ecological literature continues, more than a decade after it was last highlighted (Grimm and Wissel, 1997) . When resilience is used in an unclear or imprecise manner, or as a hook for a paper, the relevance of this concept to a particular study is difficult to grasp. If imprecise usage is common-as we found in our literature survey-the development of a general understanding of the concept of resilience to the field of ecology is impeded.
Problems with multiple definitions
Multiple definitions for resilience are prevalent in the ecological literature. Although potential benefits might be associated with the maintenance of multiple definitions of an ecological term, as highlighted by Starzomski (2012) and others (Hodges, 2008; Strunz, 2012) , multiple existing definitions can also be confusing unless authors are careful to define their usage. We found that, despite multiple existing definitions, most studies do not define or provide a citation for a definition of resilience. This would not be concerning if many studies only made passing reference to the term. Instead, we found that often studies use resilience in the title, abstract or keywords, thereby implying that the term is a key concept in their study, and then failed to include a definition, citation or description of the specific application to their study (Table R1, Figure 4) .
A lack of precision
Starzomski (2012) questions the need for precise definitions in ecology. In our opinion, greater precision in the use of a term does not necessarily mean that one definition becomes dominant. Instead, precision refers to whether terms are defined and described adequately in the context of the study. We agree that there is no imperative for rigidity in the use of ecological terms. However, we find that resilience, though progressing forward in theoretical investigations (see Beisner 2012), seems to continue to be used imprecisely in the ecological literature. Starzomski (2012) discusses the scientific method and the need to gather data to support or reject hypotheses. If, as Starzomski suggests, a concept (or a hypothesis) is supported by continued observation and experimentation, the definition or definitions should become more refined over time. This progression has occurred with many ecological terms or concepts, including succession, community, disturbance, and competition . Other terms that have been the subject of many discussions of definitions and metrics, such as connectivity (Calabrese and Fagan, 2004), habitat (Hall et al., 1997) and niche (Soberón, 2007) , which are used as examples by Starzomski, have frequently been measured in experimental and observational studies. Unlike these terms, no widely accepted method for measuring ecological resilience exists.
Although resilience can be-as Starzomski (2012) states-a "seductively simple" concept, without precise definitions, its usefulness remains limited. Instead, by using specific and precise definitions, we are able to per-form rigorous, empirical tests that may allow us to support the quantitative and comparative application of this concept in real-world systems. Starzomski (2012: 54) states that "few studies experimentally test whether individual systems exhibit resilience…and as a consequence the term finds little support amongst experimental ecologists." As field-based experimental ecologists, we find this to be very concerning. Sinclair (1989) argued that ecological theories are discarded not because they fail critical tests, but rather because they are untestable. We suggest, that perhaps the lack of Describe how the term applies to the specific study system experimental tests of resilience is due to the fact that this concept is so difficult to quantify in real-world systems.
Problems with not quantifying the term
There are a variety of reasons why resilience has not followed the path of other ecological terms, with the foremost being the theoretical complexity and difficulty of real-world application (summarized by Beisner 2012). Starzomski points out that terms without simple mathematically-derived definitions are difficult to use precisely. Beisner (2012) highlights the historical reasons for the multiple definitions of this term that persist in this "heavily term-laden field". She states that a clear understanding of the historical use of the term resilience is necessary to "alleviate the confused use of the term" (Beisner 2012:57), and she suggests that different pathways of state transition in complex systems could lead to uncertainty as to how resilience should be measured quantitatively. She too advocates for consistent usage of this term and for a move toward trying to quantify this concept in ecological studies. She does point out, however, that a quantitative analysis of resilience using real-world ecosystems will be no simple undertaking.
Press versus pulse disturbances
As we relate stability theory back to the real world, a variety of questions arise. For example, some of the definitions of resilience refer to the return time of an ecosystem or ecosystem parameter after disturbance (Carpenter et al., 1992; . In our literature survey, 31% of studies using the term resilience were investigating press disturbances (e.g., climate change). This raises the question of whether the resilience of an ecosystem, using these definitions, can be measured in response to an ongoing (press) or intensifying disturbance. Answering such questions is beyond the scope of our literature survey; however, we believe that it is in exploring these questions and by tying together theory, observational, and experimental data, that we may improve the use and utility of the concept of resilience in the ecological literature.
Conclusions
We don't intend to criticize the potential importance or utility of the term resilience, but instead set out to explore its use. We believe that the widespread lack of clarity and precision that we found in our literature survey, and the shortage of experimental quantifications of resilience are hampering progress. To improve clarity authors should: 1) define and cite a definition for how they are using the term, and 2) describe what ecosystem parameter and disturbance are being investigated and at which spatial and temporal scale. We, like both Beisner (2012) and Starzomski (2012) , are optimistic that by refining our use of the term resilience, we can improve utility of the concept to the field of ecology. Although a substantial challenge, we believe that resilience needs to be further tested empirically and quantitatively so that progress can be made in its application to the management and conservation of real-world ecosystems. 
